Abstract: This study employs a GARCH model to investigate the effects of interest rate and foreign exchange rate changes on Chinese banks' stock returns. The results suggest that market movement and foreign exchange rate changes are statistically significant in explaining banks' stock returns, despite different reactions from different bank portfolios in regard to risks. Interest rate fluctuations, on the other hand, appear to be insignificant factors in equity pricing. The results confirm the link between market risks and stock returns and highlight the need for further interest rate liberalization.
Introduction
As financial intermediaries, banks' sensitivity to risk is crucial to the stability and health of the financial system (Barth, Caprio and Levine (2004) ). Economic theory and empirical evidence indicate that instability in the banking sector is associated with instability in the macro economy (Kaufman (2004) ). A crisis in the banking sector often leads to economic turmoil that may trigger further crises (Demirgüç-Kunt and Detragiache (1998) ). In recent years, financial liberalization has reduced barriers to competition and exposed the banking sector to many sources of risk (Wilson et al. (2010) ). Among these, interest rate risk and foreign exchange risk are of particular interest to researchers and policy makers (Wetmore and Brick (1994) , Elyasiani and Mansur (2004) , Kasman, Vardar and Tunc (2011) ).
The emphasis on interest rate risk exposure is primarily rooted in the nature of banks (Choi, Elyasiani and Kopecky (1992) ). The fundamental model of stock pricing suggests that stock prices depend on their discounted stream of expected cash flows (Kwan (1991) ). The share prices of industrial firms fluctuate with the cash flow that is generated by real assets. These firms are therefore less sensitive to interest rate changes compared with banks, whose cash flow depends on nominal assets that are fixed in nominal terms, such as debt, cash and account receivables (Saunders and Yourougou (1990) , Yourougou (1990) , Kwan (1991) ). With an increased exposure of the international banking business, swings in foreign exchange rates also influence bank performance, making it one of the common risk factors (Viale, Kolari and Fraser (2009) ).
In China, the banking industry has undergone a series of reforms foremost among these being liberalization and deregulation (Lo and Chan (2000) , García-Herrero, Gavilá and Santabárbara (2006) ). The policy initiatives that have impacted most strongly on the banking industry are the gradual removal of government controls on interest rates and, from 2005, the adoption of a managed floating regime of foreign exchange rates. As a result of the reforms, Chinese banks are facing increasing competition and are operating in a more volatile environment as well as being subject to greater market discipline. Deregulation has produced opportunities for Chinese banks but exposed them to new risk factors. Table 1 demonstrates the key steps in China's interest rate liberalization.
Commercial banks were given more autonomy in setting their lending rates, but they are not allowed to charge a rate that is lower than the official lending rates or higher than the official deposit rates set by the central bank (Porter and Xu (2009) ).
In China's dual-track interest rate system, interest rates in monetary and bonds markets are marketdetermined and lending and deposit rates are controlled by the central bank. In a free market, a change of the interest rate in the money market will lead to a change of the primary lending rate. Through the expected channels, the movement of interest rates is transformed into different maturities (Geiger (2008) ). In a partially liberalized financial system, changes in the market interest rate and the regulated interest rate have segmented impacts on commercial banks. In China's current financial system, changes in the market-determined interest rates tend to influence the refinancing costs of commercial banks; changes in controlled interest rates tend to influence the funds which have been already at the banks' disposal.
Insert Table 1 here
As shown in Figure 1 , 2005 marks the beginning of the gradual appreciation of the Chinese currency against the US dollar. Fluctuations in the foreign exchange rate may directly bring in uncertainty to banks' un-hedged foreign assets and liabilities (Wong, Wong and Leung (2009) ). Even when banks hedge their exposure to foreign assets and liabilities, exchange risk may arise due to indirect channels through their clients (Chamberlain, Howe and Popper (1997) ). In addition to the reform of the exchange rate regime, the central bank of China launched the qualified domestic institutional investor (QDII) program in May 2006 (Tian (2008) ). Accredited Chinese banks are now allowed to invest in offshore securities, but are subsequently subject to a larger foreign exchange risk exposure.
From a corporate perspective, it is worthwhile to evaluate the biggest risks for further risk management activities (Bartram (2005) ). From an industry perspective, a better understanding of risk factors will provide insights for future reform and is crucial in maintaining a stable banking industry that functions well as a part of a financial market. In addition, a rise in off-balance sheet business makes banks' exposure to interest rate risk and foreign exchange risk far greater than the banks' foreign assets show. Rapid growth of investment banking operations makes risk identification and evaluating and controlling risk-taking behaviors important and urgent. Accommodating market factors for regulatory control over risk-taking behaviors is in accordance with market discipline, as a major regulatory device under the second Basel Accord (Viale, Kolari and Fraser (2009) ). Therefore, identifying the risk factors of a bank's stock is essential to banking regulation and risk management.
Insert Figure 1 here
The impact of interest rate and foreign exchange rate movements on the risks of banking institutions has been well researched for developed countries (Akella and Chen (1990) , Choi, Elyasiani and Kopecky (1992) , Brooks, Faff and Ho (1997) , Elyasiani and Mansur (2004) ), but few studies have explicitly investigated emerging and transitional economies. This paper investigates Chinese banks' exposure to interest rate and exchange rate risks by using a GARCH model. It explores the banking sector of the largest emerging economy in a period of gradual financial liberalization, which changes the bank's role from a fiscal agent under a planned economy to a financial intermediary. Banks in China have acquired significant autonomy of operation, but liberalization of interest and foreign exchange rates are not yet complete. An evaluation of the impact of risk exposure on banks' returns and volatility will shed light on future reform and regulation.
The contribution of this paper is three-fold. First, unlike existing studies that are limited to the signs and magnitude of risk contributors, this paper investigates the speed with which banking stock returns incorporate external shocks. Instant response to market information is less evident in this study compared with studies on developed markets. Second, the impact of monetary policies on bank stock volatility is simultaneously examined. Unlike most developed economies, China's monetary policy and bank supervision are managed by different government departments. Since 2003, the supervisory functions have been carved out from the central bank to a newly established body, the China Banking Regulatory Commission (CBRC). The risk control objectives of the CBRC will be influenced by monetary policy. Third, to the authors' best knowledge, this is the first study to draw a comprehensive picture of the joint exposure of the market and extra-market risk factors of Chinese banks. The use of equity data can reflect underlying economic features without being influenced by possible accounting disaccord (Stiroh (2006) ). The daily data can provide stronger evidence for the identification of risk factors than less frequent data (Kasman, Vardar and Tunc (2011) ).
The structure of the paper is as follows. First, the theoretical and empirical literature on banks' risks is reviewed, embedding different operating environments that direct the characteristics of banking practices. The banking industries of different countries have their own particular features, being products of conditions of financial systems that shape the wider contexts of practices. The GARCH model is then presented and the variables are explained. After summarizing data statistics, the ways in which Chinese banks' stock returns are influenced by interest rate and foreign exchange rate changes are further examined. The paper concludes with discussions on policy implications.
Literature review
Empirical studies on the risk factors of bank stocks have expanded dramatically since the establishment of the theoretical foundation based on the capital asset pricing model (CAPM) and the arbitrage pricing theory (APT), which evolved from the modern portfolio theory. Risk is measured by the conditional variance of returns or conditional covariance of returns with markets (Sharpe (1964) , Lintner (1965) , Mossin (1966) , Elyasiani and Mansur (1998) , Lo and Chan (2000) ). Under the assumption of invariant variance in error terms, much of the literature examines market, interest rate and foreign exchange rate factors using the single-or two-index or multi-factor linear regression.
Despite a large body of literature in this area, researchers are yet to agree on the magnitude and direction of interest sensitivity. Stone (1974) was the first to propose the two-index model (market and interest rate) and introduce the interest rate as an extra-market factor in the theoretical model of capital pricing. Early studies employ Stone's model to examine empirically the sensitivity of financial intermediaries' stock returns towards interest rate changes using US data. Lloyd and Shick (1977) and Chance and Lane (1980) find that interest rate changes have little explanatory power on the stock pricing process. The results, however, have been challenged by several studies (Lynge and Zumwalt (1980) , Flannery and James (1984) , Booth and Officer (1985) , Scott and Peterson (1986) , Bae (1990) ).
These studies show a significant relationship between stock returns and changes in interest rates, despite both negative and positive interest rate sensitivity being reported. Bae (1990) argues that the conflicting results may come from various interest rate indices and measures of their changes. For example, current interest rate changes are used by Chance and Lane (1980) and Lynge and Zumwalt (1980) , unanticipated interest rate changes are adopted by Flannery and James (1984) , and both current and unanticipated changes are considered by Booth and Officer (1985) . Akella and Chen (1990) attribute the differences in magnitude and direction of such sensitivity to the various procedures of orthogonalizing interest rates and market returns, sample period selection, and structural shifts of monetary policy. Yourougou (1990) contrasts the interest rate sensitivity between banks and non-banking firms during a relatively stable interest rate period (pre-October 1979) and a highly fluctuating period (postOctober 1979) . Interest rate sensitivity has been shown empirically to vary dramatically over time.
While after 1979 the interest rate has explanatory power in bank stock returns, before 1979 the influence of interest rate movement has not been proved for either financial intermediaries or industrial firms. Over the period 1979 , Neuberger (1991 discovers that systematic risk, measured by the coefficient of market effect, is increasing, while the magnitude of interest rate sensitivity is declining and no evidence of interest rate impact is shown in the late 1980s. The increased systematic risks have been confirmed by a study on Canadian banks, which also reports significant interest rate sensitivity (Adjaoud and Rahman (1996) ). In addition, large banks seem to be riskier than small ones. In an international study, Madura and Zarruk (1995) demonstrate a disparity of interest rate sensitivity among five countries. In the study of European Union, Stevenson (2002) shows that bank stocks tend to be influenced by cross-border information of interest rate changes.
With the globalization of financial markets and the fast growth of the international banking business, foreign exchange risk becomes the other market risk. Early studies suggest that risks related to foreign exchange exposure may arise from divergent investors' consumption patterns (Solnik (1974) ), imperfect hedging of asset positions (Grammatikos, Saunders and Swary (1986) ), and a close association with market conditions (Choi (1986), Flood Jr and Lessard (1986) ). The findings imply a potential impact of foreign exchange exposure on bank stock returns. Adler and Dumas (1983) propose that foreign exchange sensitivity could be measured by firms' stock returns. Choi, Elyasiani and Kopecky (1992) extend the two-index model into a multi-factor model to examine the impact of market, interest and foreign exchange rates on bank stock returns. Market and interest rate sensitivity are found regardless of the use of actual or unexpected values, and foreign exchange innovation is found to significantly influence bank stock returns, especially for large banks.
The studies of Kane and Unal (1988) , Saunders and Yourougou (1990) , Kwan (1991) , Song (1994) , Adjaoud and Rahman (1996) , Flannery, Hameed and Harjes (1997) , Girard and Sinha (2006) when borrowed reserves are targeted by the federal fund rate. Likewise, Elyasiani and Mansur (1998) use a GARCH-M model to explore the impact of long-term interest rate changes on the stock pricing process. Their findings show a positive impact on the first moment, but the volatility of interest rates negatively influences the second moment of the stock return distribution. Tai (2000) explores the sensitivity of market, interest and foreign exchange rate exposure of banks using three econometric models. A nonlinear seemingly unrelated regression model identifies interest rate risk as the only price factor, a 'pricing kernel' approach confirms the evidence of foreign exchange rate risk, and a multivariate GARCH-M model provides evidence of a time-varying market and two further extramarket risk premiums.
Similarly, Ryan and Worthington (2010) , using a sample of Australian banks, find that market risk, short-and medium-term interest rate risk and interest rate volatility are important explanatory factors in bank stock returns. Long-term interest rates and foreign exchange rates seem to be insignificant factors in Australian bank stock pricing processes. Elyasiani and Mansur (2004) use a more general multivariate GARCH approach to investigate the impact of short-and long-term interest rate changes and their volatility on the first and second moment of US banking stock return distribution. The results suggest that short-and long-term interest rates and their volatility have a significant influence on the return generation process.
Despite the voluminous literature on the risk sensitivity of banks in developed countries, few studies have been conducted in emerging markets. The impact of interest and foreign exchange rate movements on banks' stock in Malaysia has been investigated by using a GARCH-M model over the time period of the Asian financial crisis (Hooy, Tan and Nassir (2004) ). They argue that the crisis is insignificant in influencing the risk exposure of banks. The sensitivity of financial risk factors increases after a series of regulatory policies, such as capital control, a fixed exchange rate regime and a forced banking consolidation program. Kasman, Vardar and Tunc (2011) find that interest and foreign rate movement are negatively related to bank stock returns in Turkey.
The banking industry of the countries mentioned in the above studies is more market oriented than the banking industry in China. Both the United States and Australia have mature financial markets and long history of a market-oriented banking industry. Turkey's and Malaysia's markets are also more integrated with the international market. However, China is still in the process of a transition that is witnessing the most rapid transformation of a country's banking sector in history. In the context of ongoing reforms, the fast development and the great changes in China's banking sector make previous studies on the US and other emerging markets ineffective to explain the risk sensitivity of Chinese have not identified any paper discussing market returns, exchange rates or interest rates. Wong, Wong and Leung (2009) focus on exchange rate risks. As listed banks are individually examined, it is difficult to tell from the results whether the different sensitivity of individual banks is caused by the idiosyncratic characteristics of individual banks or by the factor examined. Although they take interest rate risk into consideration, the determination of the risk-free rate and the calculation of the excess return of the interest rate may be arbitrary since the interest rate is not totally market determined.
As the largest emerging economy with a bank-dominated financial system, China has gradually liberalized interest rates and introduced money and capital markets, which are playing an increasingly important role in the financial system. While the reform is still ongoing, it is worth investigating the impact of deregulation on banks' risk sensitivity and comparing the more recent situation with what has been identified in previous studies.
Model specifications
The GARCH ( p , q ) is considered in capturing the time-varying sensitivities of the banking stocks' returns to the market, interest and foreign exchange rate rates. The model is described by three equations:
, 1 1 (0, )
The variables in mean equation (1) Ryan and Worthington (2010) , this exclusion avoids the correlation between the error term and explanatory variables, probably resulting from the shocks that contemporaneously influence the financial markets and independent variables. In addition, investors may not instantly react to news and may take time to reassess and restructure their portfolio (Chiang, Chen and So (2007) 
Data description

Bank stock return specifications
In this study, the daily close of stock prices of 14 listed Chinese banks in the Shanghai and Shenzhen stock exchanges are used. Daily percentage change is used as the return for the stock, interest rate and foreign exchange rate markets. Based on Bankscope's data, the total assets of the 14 banks accounted for about 56.6 per cent of total Chinese banking assets at the end of 2008, with SOCB, JSCB and CCB's asset's share of 43 per cent, 13 per cent and 0.6 per cent respectively, thus they provide representative information on the market. Following previous studies of Song (1994) , Elyasiani and Mansur (1998) , Ryan and Worthington (2010) , the 14 banks are aggregated by size into three portfolios-the Big State-owned Banks (SOCB) (four banks), the Joint-Stock Commercial Banks (JSCB) (seven banks) and the City Commercial Banks (CCB) (three banks). The returns of each portfolio are calculated based on equal weight. Value-weighted portfolios are also constructed, and the empirical results are consistent. For space restriction, they are not reported, but are available upon request.
According to Elyasiani and Mansur (1998) , banking portfolio returns are preferred over individual stock returns because the information on portfolios not only draws a picture of banking behavior but smooths out the noise arising from any idiosyncratic shocks to a single bank. However, characteristics of each bank could not be traced in this approach. The equity price data are obtained from the Datastream database. All other data in this study, including the market index, interest rates and foreign exchange rates, are from the Wind database.
Continuously compounded returns for all series are chosen since these have two major advantages over discrete returns. First, the natural logarithm series results in lower value and reduces the influence from outliers and error data. Second, compared with simple returns, continuously compounded returns are more likely to follow a normal distribution. Statistical properties of log returns are more tractable (Tsay (2005) ).
Market index specification
One of the unique features of the Chinese stock market is the two types of shares, A and B shares. A shares are denominated in Chinese currency, and B shares are denominated in US dollars on the Shanghai Exchange and in Hong Kong dollars on the Shenzhen Exchange (Martin, Cai and Sun (1997) ). Of the 14 banks, eight are listed in domestic stock exchanges only and six are dual-listed in both the Shanghai and Hong Kong stock markets. In this research, only A-share stock prices are considered. Among the banks, 12 are listed on the Shanghai Exchange and the remaining two are on the Shenzhen Exchange. Therefore, the market index is proxied by the A-share index, which aggregates the information of A-share listing firms on both markets.
Interest rate and foreign exchange rate specification
Although key interest rates remain regulated, interbank interest rates and bond yields are marketdriven (Porter and Xu (2009) ). The impact of market-determined interest rates on asset pricing for Chinese listed banks is examined. Yield data on 3-month and 5-year government bonds are employed to proxy the short-and long-term interest rates. The impact of the interbank interest rate, proxied by the 7-day interbank interest rate, is also investigated to understand the cost of interbank borrowing for the banking industry. US dollar against Chinese currency (USD/RMB) spot rates denote the foreign exchange rate. observations, which is well above the required minimum of 300 observations for a reliable estimation of results from ARCH regression models (McClain, Humphreys and Boscan (1996) , Ryan and Worthington (2010) ). Table 2 lists the specification and notation of dependent and independent variables. variance has been violated, thus it is appropriate to use ARCH-type models.
Sample period
Insert
Insert Table 3 here Table 4 summarizes the descriptive statistics for daily returns (daily percentage changes) of the stock market, the interest rates and the foreign exchange rate markets: A-share index, 3-month Chinese government bond yield (GB3m), 5-year government bond yield (GB5y), 7-day interbank interest rate Insert Table 4 here
Empirical results
Tables 5 to 7 report the regression results for the three portfolios respectively, which include the estimated coefficients of maximum likelihood for the mean and the conditional variance models.
Several hypotheses of the autoregressive process, risk exposure and return volatility are developed and tested by the Wald test. The statistics are presented in tables 7 to 9. For each portfolio, all possible regressions that contain all the lagged combinations of explanatory variables are first estimated. The optimal model is selected after excluding some lagged variables with insignificant explanatory power.
The selection is based on the Akaike information criterion (AIC) and maximum likelihood statistics.
Therefore, the optimal model specification varies a great deal across the three banking portfolios and interest rate specifications. Lagged variables with blank coefficient estimates are not included in the optimal models. In addition, the autoregressive process of stock returns of the city commercial bank portfolio has not been identified in the estimation, and thus coefficient estimates are not presented in table 7 .
Insert Tables 5 to 7 here First, the model diagnostics are reported to examine the general adequacy of the GARCH model. The validity of the model depends on its capability to capture all ARCH effects in the dataset and the consistency with the assumption that the standardized residuals are independently and identically distributed; in other words, the series of standardized residuals is a white-noise process without any autocorrelation and follows a normal distribution. The reported LB (10) is the Ljung-Box (Q) statistic to test randomness for the 1 st through 10 th order autocorrelation. The insignificant Ljung-Box (Q) statistic for either the standardized or the squared standardized residuals suggest the absence of autocorrelation. The Lagrange multiplier is also insignificant, which is not reported in the tables. The robustness of conclusions has not been influenced by the different interest rates used as proxies for the interest rate variable. However, the assumption of normal distribution is violated. Non-normality was found in most of the similar studies (Elyasiani and Mansur (1998) , Elyasiani and Mansur (2004) , Ryan and Worthington (2010) ). These argue that the violation of the normal distribution assumption will not disrupt the robustness of the model and that non-normality is probably due to the failure of the model to consider the 'leptokurtic disturbances of market excess returns' (Ryan and Worthington (2010) , p. 92). Therefore, the performance of the GARCH model seems to be reasonable based on these statistics.
Insert Tables 8 to 10 here
The sensitivity of Chinese banks to interest and foreign exchange rate risk is the major concern. The coefficient estimates and chi-square statistics present the explanatory power of independent variables and related hypotheses tests. First, the significance level of coefficient i m suggests that stock returns for all three portfolios are highly sensitive to the movement of the stock market, regardless of the interest rate specification. However, the market influence fades instantly. The lagged effect of more than one trading day has not been identified. The results are confirmed by the hypothesis test, and the null hypothesis of no market risk ( 1 0 m  ) is rejected at the 0.01 level.
Compared with the high sensitivity of market risk, the sensitivity of interest rate risk varies a great deal among the three banking portfolios, on the basis of signs and significance of the coefficient i r .
No significant relationship has been identified between stock returns and the long-term interest rate for all the portfolios. The results are verified by the hypothesis test that the null hypothesis of no interest rate risk ( 0 i r  ) cannot be rejected. The finding is different from some previous studies (Unal and Kane (1986), Akella and Chen (1990) ), but is consistent with Booth and Officer ((1985) ), Bae ((1990) ) and Ryan and Worthington ((2010) ). Weak sensitivity of the short-term interest rate is found for the joint-stock banks and the city commercial banks, with a 4-day delay. For the state-owned commercial bank portfolio, the coefficients on the interest rate are insignificant at all levels within the 5-day time frame. However, the hypothesis test does not confirm such findings. The null hypothesis of no short-term interest rate sensitivity cannot be rejected at any significance levels. A negative relationship between interbank interest rate movement and bank stock returns has been identified for all the portfolios, with a 5-day delay. However, the null hypothesis of no interbank interest rate sensitivity cannot be rejected.
The insignificant impact of interest rate risk on stock returns contrasts to many other studies identifying a significant link between them. Insensitivity to interest rate risk may attribute to two contrary possibilities-lack of risk exposure, or sophisticated risk management. We argue the first scenario is likely to be the case. First, risk management is not a strength of Chinese banks. The concept for risk management is relatively new and banks are gradually incorporating up-to-date technology and know-how. The under-developed financial markets and the limited financial products constrain banks from implementing precise hedging strategies to evade risk exposure. As well, the implicit government guarantee weakens banks' risk control impetus. Second, tightly regulated lending and deposit rates prevent banks from extensive risk exposure. Interest rate risk mainly arises from maturities mismatch between the borrowing and the lending business. Since China's lending and deposit rates are regulated, the central bank usually adjusts both rates simultaneously, and the official rates cover lending and deposits of different maturities. On the one hand, a commercial bank's ability to attract more deposits via higher rates is restricted; on the other hand, a bank's profit margin is hardly affected by rate changes. As shown in Table 11 , the difference between the official lending and deposit rates declined slightly between 2007 and 2008, but the change is marginal. With further relaxation on lending rates, the difference between the official rates only represents a lower boundary of banks' profit margins. In other words, the change of official rates has little impact on banks'
profitability. Third, the interbank lending rate is the rate that is subject to the interaction of market forces. However, it only accounts for a minor proportion of funding sources for the banks. The size of interbank borrowing is only 1 to 2 per cent of total deposit, which is unlikely to have much impact on a bank's profitability. In addition, the movement of the interest rate of interbank lending has been consistent with that of the official rates. Consequently, valuing assets by using market interest rates largely reflects the position of the regulated rates, which stays at a stable level. The lack of commercialized business patterns and tightly controlled interest rates constrain banks' sensitivity to interest rate movement. Insignificant risk sensitivity does not necessarily imply nonexistence of risk or competence of risk arbitrage. Chinese banks' ability to manage higher risk arising from interest rate liberalization is a major concern for future reform.
Insert Table 11 here
Another extra-market factor, the foreign exchange rate risk, has been identified as having a positive impact on the banking stock returns for all the portfolios. For the portfolios of the state-owned banks and the city commercial banks, a significant relationship has been identified with foreign exchange rate return with a 1-day lag; for the joint-stock commercial bank portfolios, the impact of the foreign exchange rate risk lasts five days. The null hypothesis of no foreign exchange rate effect ( 
Insert Figure 2 here
In addition, the impact of a 1-day lag in foreign exchange rate movement is less significant on the joint-stock banking portfolio compared with the other two portfolios, but lasts longer. By looking at the coefficient, city commercial banks seem the most sensitive to foreign exchange movement, followed by state-owned banks. This is also different from Wong, Wong and Leung (2009) portfolios, the initial shock persistence is even higher. It seems that city commercial banks are relatively better at absorbing shocks than are their larger counterparts. However, the greater shock persistence may imply a larger sensitivity to market and extra-market risk exposure (Dickens and Philippatos (1994) ). Given the present state of China's banking industry, larger banks are more likely to expand their business range in nontraditional banking activities, both domestically and internationally. However, the impact from market, interest and foreign exchange rate movements tends to last longer for larger banks.
The impact of monetary policy varies across the three banking groups. The Pacific Basin markets of Hong Kong, Singapore, South Korea and Taiwan are found to be less efficient in responding to macroeconomic policies than the markets of industrialized countries (Lee (1997) ). Harun, Hassan and Zaher (2005) discovered that the different effects of monetary policy are associated with bank size, leverage and profitability. In the context of China's banking system, the announcement of benchmark interest rate adjustment merely tends to increase the volatility of the city commercial banks' stock.
Their stock volatility, on the contrary, seems to be insensitive to the announcement of reserve requirement adjustment. However, the announcement of reserve requirement adjustment appears to increase the volatility of stock returns for their larger counterparts, the state-owned banks and jointstock banks. Another interesting finding is that the stock returns of state-owned and city commercial banks tend to be less volatile when the adjustments to the reserve requirement ratio come into effect.
Conclusions
Using the equity data of 14 listed Chinese banks and a time-varying risk model, this paper investigates the impact of the joint interaction of interest and foreign exchange rates' risk on bank stock returns.
This study depicts the equity return generating process and the impact of potential risk factors on this process. Findings from this study will not only assist bank managers to frame risk management strategies and market participants to design investing and hedging strategies, but will also provide useful information for regulators in formulating policies.
This study reveals several interesting findings. First, Chinese banks are subject to both market and extra-market risks. It is evident that banks are subject to market risks irrespective of which portfolio they belong to. The impact of the foreign exchange rate risk has also been found in both state-owned and city commercial bank portfolios. The influence of interest rates is not significant, especially for long-term interest rates, but some connection between the interbank interest rate and bank stock returns has been detected for all portfolios.
Second, market risk is the major risk faced by the banks. Third, bank stock returns display different sensitivity to interest rates and exchange rates despite the fact that both rates are controlled by the government. The insensitivity to interest rate changes and varied sensitivity to exchange rate changes suggest that government control is not the only explanation. The way the control is implemented and the structure of the bank can also lead to different sensitivity. Given the insensitivity of bank stock returns on interest rate changes, regulators may need to further liberalize interest rates if they wish to use interest rates as a powerful tool to implement monetary policy. Removing the ceiling on deposit rates and the floor on lending rates can be the first step of liberalization.
Last, distinctive features of the three portfolios in terms of risk sensitivity have been observed.
Different portfolios react differently to monetary policy as well as to foreign exchange movement. Findings in the paper also provide some insights for policy makers. The different impacts of interest rate and foreign exchange rate movements on banking stock returns raise some issues for regulators and policy makers, given that both are heavily controlled by the government. On the one hand, the findings suggest that further reform, especially liberalization of interest rates, is necessary. Allowing banks more autonomy in setting their own interest rates will provide them with more experience in managing risks related to interest rate fluctuations and will ensure that interest rates are an effective tool for monetary policy. On the other hand, regulators need to pay more attention to the foreign exchange risk on banks, identifying their exposure as well as their capacity for risk management.
Apart from the different impact of the two rates, policy makers need to recognize the different reactions of the banking portfolios to the same policy tool and to design targeted tools to effectively achieve policy objectives. Interbank repo lending rates and bond market yields were liberalized June 1996
Upper limits on interbank lending rates were removed June 1997 Repos and the outright cash settlement of secondary transactions were introduced and the interest rates were determined by the market 1998
The rates on financial bonds issued by policy banks were liberalized 1998-2004
The upper limit on lending rates was gradually increased
1999
The rates on Treasury bonds were allowed to be market determined Rates on more than RMB 30 million deposits with over 5-year maturity were allowed to be negotiated [2000] [2001] [2002] [2003] [2004] Foreign currency lending and deposit rates were gradually liberalized 
